Optimal Routing in Supply Chain Aimed at Minimizing Vehicle Cost and Supply  by Hajghasem, Mahtab & shojaie, Amir Abbas
 Procedia Economics and Finance  36 ( 2016 )  353 – 362 
Available online at www.sciencedirect.com
2212-5671 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of SCIJOUR-Scientific Journals Publisher
doi: 10.1016/S2212-5671(16)30047-8 
ScienceDirect
1st International Conference on Applied Economics and Business, ICAEB 2015 
Optimal Routing in Supply Chain Aimed at Minimizing Vehicle 
Cost and Supply 
Mahtab Hajghasema,*,Amir Abbas shojaieb 
aPhD Student of Industrial Engineering ,Islamic Azad University, South Tehran Branch 
bAssistant Professor, Islamic Azad University, South Tehran Branch  
Abstract 
Transportation plays a vital role in supply chain. An inefficient transportation system disrupts supply chain and imposes severe 
damages to it. This paper investigates a transportation model with a limited number of vehicles with different capacities. The 
vehicles are used to handle raw and semi-finished materials from contractors’ warehouses to the main factories and to transport 
finished products to the warehouses of the distribution companies. The main purpose was to cover all transportation requests in a 
manner that it results in a reduced transportation cost, a reduced use of rental vehicles, and a reduced stopping duration of vehicle 
in destinations through the optimal use of available resources. In the considered model, first, a web-based system was designed in 
order to enable the registration of handling requests in the system with the purpose of compensating vehicle shortage. The 
handling requests are confirmed by drivers and transportation companies through SMS, email, and internet. Then, the proposed 
model performs network routing in order to completely cover the transportation network and to reduce transportation costs and 
vehicles stopping duration in destination. Finally, the model was run in different conditions, and the possibility of increasing 
vehicles with the purpose of reducing costs was studied.   
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of SCIJOUR-Scientific Journals Publisher. 
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1. Introduction 
The increase in the capacity of computing systems has enabled the wide use of optimization methods in different 
sciences. Since iteration is the main component of calculation algorithms, higher calculation power means a shorter 
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time and a lower cost for obtaining the ideal solution. The algorithms have various applications. Solving 
transportation and supply chain problems is one of them. Since the problems have numerous variables, they are 
hardly solved through manual procedures.  
The relationship between the components of supply chain is very important. If an activity within the supply chain 
experiences a problem, the whole system will fail or experience a serious problem and will have a very low 
performance, which in turn, will result in a reduced productivity. Transportation is one of the most important 
components of the supply chain which is responsible for coordinating the components of a unit. Transportation 
means the moving of materials and products between two points of the supply chain. The materials and products 
required for a customer are not valuable unless they are delivered to the consumer location. Thus, it can be argued 
that the transportation creates local and time values through handling materials purchased from supplier to the 
production location, handling semi-finished products between different departments of an organization, and 
handling finished products to the customer location.  
Therefore, it can be concluded that, as a vital activity with a significant added value, the transportation plays a 
very important role in the success of the supply chain regardless of its cost-making nature. In the modern trade 
world, the scope of transportation methods exceeds domestic markets and reaches far distances and overseas thanks 
to the development and growth of global markets as well as the existence of an increased interaction between 
markets of different countries. Therefore, as a basic factor, it plays a vital role in the determination of competitive 
situation of a company more than ever.   
For example, material flow cost decreases as handling time decreases, or in the event of a delay in a component 
of the supply chain, the transportation can compensate the delay by improving its performance so that the production 
cycle time remains intact.  
Transportation costs include a main part of logistics costs and thereby finished costs of products. Therefore, 
organizations are very interested in controlling the costs. According to studies, about 5% to 6% of retail products 
price belongs to the transportation costs. In some products like foodstuffs, this rises to 30%. 
Not meeting customer needs, incomplete coverage of transportation network, incomplete use of vehicles’ 
capacity, and use of vehicles in routes with empty return routes are the important problems of transportation system 
in the supply chain. All these factors increase transportation costs in the supply chain. Concentrating on optimal use 
of resources through a well-routed system, the purpose of this paper was to completely cover transportation network 
and reduce transportation costs in a manner that it minimizes transportation network’s costs and vehicles’ stopping 
duration in destinations. To reduce transportation costs, an Internet-based system was designed by which all 
transportation requests of organizations or factories, contractors, and distribution companies are registered, and then, 
they are informed to drivers and transportation companies. On the other side, the proposals of drivers and distributor 
companies are registered in the system. Then, by analyzing the transportation time, and costs as well as the 
background of the distributor company, the most appropriate alternatives are selected, and finally, the routing 
process is done in a manner that all transportation requests are met with the minimum possible cost, and the stopping 
duration of vehicles in destinations is minimized. 
2. Literature Review 
Laschin et al. introduced a new integrated model for warehouse location, allocation of retailers to warehouses, 
providing a suitable number of vehicles for submitting handling requests, and routing of the vehicles in order to 
minimize fixed and operational costs as well as routing costs using linear algebra. Marinakis et al. used HybPSO 
method, which is a combination of PSO algorithm and MPNS-GRASP search to solve the routing problem, which is 
one of the most important problems of supply chain management.  
Elif et al. studied the integrated planning of production and distribution in a supply chain with unknown demand 
and production capacity and solved the problem using genetic algorithm. Dung et al. studied a supply chain 
consisted of producers and retailers with random requests of retailers. Nagorni et al. introduced a balance model of a 
developed competitive supply chain. The nested structure of the chain was determined, and its balance condition 
was studied. This paper studied the supply chain design including the location of capabilities, allocation of 
capabilities, and routing decisions. The purpose of this study was to achieve optimal location, allocation, and routing 
within supply chain with the minimum possible cost. Marinakis et al. developed a rapid, strong and efficient 
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algorithm for solving LRP routing problem for one of the largest companies in Greece which was a wooden 
products distributor. A genetic algorithm was used to solve the problem. Mukashi et al. investigated the supply 
planning in a system with a number of production units and warehouses, where customer delivery was practiced via 
warehouse and the factory itself. Ketogita et al. designed a transportation network using the linear algebra in order to 
reduce transportation costs and minimize the number of vehicles. 
This paper presents a routing model for a supply chain with several producers, contractors, and distribution 
centers. The transportation network consisted of a number of different vehicles with different capacities. The main 
object of this research was to completely cover transportation network with the minimum possible cost and the 
minimum stopping duration in destinations. All requests should be met. To this end, an Internet-based system was 
designed in order to use the minimum possible handling cost. The requests are registered by factories, contractors 
and distribution companies in the system. This enables drivers and carrier companies to observe the requests. The 
requests are confirmed and wait in queue. Then, the best request was used in the considered model. Routing was 
done considering available vehicles, and finally the following question was answered: which one is justifiable for 
covering a transportation network? A) Purchasing vehicles, B) Renting vehicles? Or the available vehicles are 
sufficient? 
The novelties of the study are: benefiting from the maximum capacity of the vehicles, compensating the capacity 
of the network shortage via the optimal use of rental vehicles, use of different vehicles with different capacities and 
different operational costs in network, and designing an Internet-based system for notifying the minimum handling 
proposals. 
The case of this study was a specialized company in the field of washing and sanitary products. The study scope 
was the factories that produced raw material, factories that produced cap, bottle, and packaging material, and 
factories that produced sanitary products. Raw and packaging materials are produced in different factories and 
delivered to the final production location. When the finish product is produced, it is sent to the warehouses of the 
distribution companies.  
The warehouses of the network have a limited capacity. Therefore, when the raw materials are delivered to the 
factories, they should be delivered to production lines or transferred to the distribution warehouses at the minimum 
possible time. Thus, any production and distribution company wants to receive a given product at a right time. The 
number of vehicles and their capacity was known. Therefore, vehicle shortage as estimated, and finally, it was 
suggested that whether the required vehicles should be purchased or rented.  
3. Problem Statement and Simulation 
3.1. Main Assumptions of the Problem 
First, request registration system was designed. This system enabled the selection of the best handling options 
using the modern technologies. In the following, you may find the operational flow (Fig 1). 
 
 
 
 
 
 
 
 
 
 
 
Fig1. Operational Flow 
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4. Specifications of the System  
4.1. Basic Information 
x Registration of the countries, cities and geographical regions data by specifying the detailed information of every 
region 
x Registration of available routes data 
x Registration of drivers and their vehicles data 
x Registration of customers data 
x Registration of loading points and their specifications 
x Registration of freight tariff in the system 
4.2. Operations 
x Request management: The customer registers his/her handling request through Internet or SMS 
x The consignment information and specification as well as handling method is registered 
x The handling is confirmed by drivers and transportation companies through Internet or SMS 
x The driver informs his/her readiness for handling a registered consignment  through Internet or SMS (including 
his/her accessibility and interested locations) 
x The requests are allocated to drivers, the allocation is confirmed, and the confirmation note is sent via SMS to the 
driver 
x The loading and discharging data is registered through Internet or SMS 
x Consignments are detected by GPS, and the detection SMS is sent to the customer and unloading locations 
x Consignment and insurance notes are registered through insurance and transportation systems 
First, all the handling requests are registered via a system or SMS. This enables drivers and distribution 
companies to see the requests in the system and accept the desired ones. The same procedure is done via sending 
SMS to the drivers who are in the vicinity of the considered location. The drivers’ acceptance is registered in the 
same system by confirming the sent SMS. Also, drivers can notify their readiness and position through sending 
SMS. In this way, a systematic route allocation is conducted, and requests are allocated to drivers.  
 
Consignment and insurance notes are registered in the system by insurance and transportation systems. Then, 
loading data is registered in the system, and the consignment is detected by GPS system until it arrives at 
destination. Tracking SMSs is sent to customer and loading locations. Finally, unloading data is registered in the 
system. 
In this model, the request for handling during a period is known. In the cases where the requests are more than 
vehicles’ capacity, more vehicles are allocated. Each customer can have several requests at the same time.  
Each type of vehicle has a limited level of access and use. Any vehicle should be in service mutually (go and 
return routes) and its maximum capacity should be used.  
All requests should be met. In the event of capacity shortage, the demander’s own vehicle is used. Rental vehicles 
have different models with different handling costs.  
5. Model’s Parameters 
M=1,2,…,m:  vehicle type including truck, trailer, van, etc. 
N=1,2,…,n: transportation centers  
T=1,2,…,t:  time period (interval) 
i: origin 
j: destination 
Vimt: the maximum number of the organizational vehicle m in origin i at period t 
Vrimt: the maximum number of the rental vehicle of type m in origin i at period t 
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djmt: required number of vehicle of type m in i-j route at period t 
CSimt: The cost associated with the stopping duration of the organizational vehicle of type m in the origin i at 
period t 
CSrimt: The cost associated with the stopping duration of the rental vehicle of type m in the origin i at period t 
CTijmt: The cost associated with travelling from origin i to destination j by the organizational vehicle of type m 
at period t 
CTrijmt:   The cost associated with travelling from origin i to destination j by the rental vehicle of type m at 
period t 
TC: Required budget for renting and operational costs 
OPRimt: The operational cost of vehicle of type m in origin i at period t 
Rentimt: the cost associated with renting vehicle of type m in origin i at period t 
6. Decision variables 
xijmt: it is 1, if vehicle of type m is sent from origin i to destination j at period t, otherwise, it is zero 
xrijmt: it is 1 if rental vehicle of type m is sent from origin i to destination j at period t, otherwise it is zero 
yimt: it is 1if vehicle of type m is empty in origin i at period t, otherwise it is zero 
yrimt: it is 1if rental vehicle of type m is empty in origin i at period t, otherwise it is zero 
qimt: it is 1 if vehicle of type m is in service in origin i at period t, otherwise it is zero 
qrimt: it is 1 if rental vehicle of type m is rented in origin i at period t, otherwise it is zero 
7. Objective Function 
Objective function minimizes total cost of transportation by organizational and rental vehicles and minimizes the 
stopping duration of vehicles in unloading locations. (Equation 1) 
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8. Constraints 
x The total number of vehicles travelling in the organization is less than the total sum of organizational 
vehicles.(hypothesis 2) 
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(2) 
x The total number of rental vehicles travelling in the organization is less than the total sum of rental vehicles 
of the organization.( hypothesis 3) 
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x The total number of required organizational and rental vehicles is more than the number of vehicles required 
for handling a consignment from i to j. (hypothesis 4). 
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(4) 
x The operational and renting costs of vehicles is less than the organization’s budget for renting vehicles and 
operational costs( hypotheses 5,6,7) 
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9. Data Collection 
After analyzing organizational data, the transportation network was developed as follows.(Fig 2). 
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Fig2. Transportation Network 
Travel frequency graph was derived as follows (Fig 3). 
 
 
Fig3.Travel Frequency Graph 
 
According to the graph, G-T travel occupies the main part of travelling demands. The considered network has 
two origins and four destinations. The timeframe is three days, and there are two types of vehicles. Organizational 
vehicles have higher operational costs than the rental ones (Table 1). 
              Table 1.Network Data 
Description Payment 
Operation 
Cost Price 
Vehicle 
Type 
To From Row 
  410,000 10000 3,090,000 Type M1 H A 1 
  410,000 15000 3,090,000 Type M1 H G 2 
Vehicle Of 
Company 
0 
250000 
4,070,000 Type M2 T A 3 
0
2
4
6
8
10
Z SH H Z T H SH
T T T T G G G
Travel Frequency
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  410,000 11000 3,090,000 Type M1 H A 4 
  290,000 12000 2,030,000 Type M1 T A 5 
  290,000 10000 2,030,000 Type M1 T A 6 
Vehicle Of 
Company 
0 
230000 
4,070,000 Type M2 T A 7 
Vehicle Of 
Company 
0 
240000 
4,070,000 Type M2 T A 8 
  1,030,000 19000 8,450,000 Type M2 Z J 9 
  730,000 10000 5,810,000 Type M1 S G 10 
  780,000 11000 6,230,000 Type M1 S T 11 
  630,000 20000 2,030,000 Type M1 T G 12 
Vehicle Of 
Company 
0 
250000 
2,030,000 Type M1 T G 13 
Vehicle Of 
Company 
0 
230000 
2,030,000 Type M1 T G 14 
Vehicle Of 
Company 
0 
204000 
4,070,000 Type M2 T G 15 
  600,000 17000 4,070,000 Type M2 T G 16 
  410,000 13000 3,090,000 Type M1 H T 17 
  970,000 10000 7,030,000 Type M1 Z T 18 
  600,000 16000 4,070,000 Type M2 T G 19 
  490,000 10000 2,500,000 Type M1 T G 20 
  720,000 11000 2,500,000 Type M1 T G 21 
  730,000 12000 5,810,000 Type M1 S G 22 
  1,380,000 20000 10,760,000 Type M2 S A 23 
  290,000 10000 2,030,000 Type M1 T G 24 
Sum:12,811,000 
11,170,000 1,641,000 98,050,000 
    
 
10. Solution Method 
The studied model was solved using Lingo for the real data derived from low traffic days, normal traffic days, 
and busy workdays, and the obtained results were compared with the real organizational data.  
Data was introduced to the program using Excel. When the program was run, vehicles cost in the routes was 
obtained as follows: (table 2) 
                    Table2- Cost Of Network 
Row i j m t Real Cost Cost 
1 1 2 1 2 1,034,289 1,000,028 
2 2 3 2 3 9,164,551 8,895,125 
3 2 4 2 3 12,811,000 11,365,410 
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11. Conclusion 
Results show that the data obtained from the models is consistent with actual values. This implies that the studied 
routing is the most appropriate alternative resulting in cost reduction.  
Another vehicle was added to the organization, and the respective model was run again, and cost reduction was 
calculated. 
After necessary investigations and calculating the renting and purchasing costs of vehicles and investment profit 
and identifying the difference between required vehicles in low traffic and high traffic days, it can argue that 
purchasing the required vehicles is more justifiable. 
Results show that if the organizational vehicles are used for far distances, the organization’s profitability will be 
reduced. 
One should pay 600,000 Tomans to rent a vehicle to travel G-T road. If the vehicle belongs to the organization 
itself, the cost will be 250,000 Tomans. Thus, the amount of money saved due to purchasing an 18-wheel transit 
vehicle will be 350,000 Tomans. An organization should pay 300,000,000 Tomans to purchase an 18-wheel truck. 
This cost is amortized in 5 years. If the tuck travels G-T route twice a day, after 5 years, the saving amount will be 
as follows (holidays are taken into account):  
350,000*2*300   = 210,000,000*5= 1,050,000,000 
The profit of the above investment after 5 years: 
300,000,000*.22= 66,000,000*5=330,000,000 
Additional profit after 5 years: 
1,050,000,000-330,000,000-300,000,000=420,000,000 
Therefore, it can be concluded that purchasing a vehicle is justifiable.  
The model was calculated for 7, 8, 9, and 10 organizational vehicles, and the following results were obtained (Fig 
4).  
 
Fig4.Cost Gragh 
It should be noted that purchasing vehicle is justifiable up to a given limit, and beyond the limit, it will no longer 
results in profitability. 
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